To Otto on the occasion of his 65 th birthday (received 10 May 00; accepted 03 Oct 00; published on the web 11 Oct 00) Abstract a,b;g,d-Unsaturated nitrile oxides 6, 13 have been prepared from the corresponding aldehydes via sequential oxime formation, chlorination, and dehydrochlorination. These nitrile oxides show unexpected stability, presumably due to delocalisation, and can be isolated. 2,6-Diphenylbenzonitrile oxide 13b was particularly stable and a single crystal X-ray structure was obtained. 3,3-Diphenylpropenitrile oxide 6 was also isolated but could be dimerized, to give a 1,4,2,5-dioxadiazine 7 or furoxan 8, via slight modifications to the conditions employed. The corresponding nitrones 14, 17 have also been prepared, via the reaction of the a,b;g,d-unsaturated aldehydes 10a,b with substituted hydroxylamines, isolated and trapped.
Introduction
The majority of nitrile oxides, like the other classes of nitrilium betaine 1,3-dipoles, are chemically unstable and undergo dimerization to either 1,4,2,5-dioxadiazines or furoxans.
1 Relatively stable nitrile oxides can be obtained as a result of steric shielding of the nitrile oxide moiety, 2 e.g. 4-substituted-2,6-dimethylbenzonitrile oxides 1, or by electrostatic (donor-acceptor) interactions, 3 e.g. methylsulphonylthiophenecarbonitrile oxide 2. Stabilization by steric shielding produces nitrile oxides which are unreactive in both the solid and solution states, whilst stabilization due to electrostatic interactions generally gives nitrile oxides which are stable in the solid state, but which are reactive in solution. This latter class of nitrile oxides dimerize, or react with dipolarophiles, in solution. 
2
Nitrones are reactive 1,3-dipoles of the allyl class which are also usually generated in situ. Nitrones have proved to be very useful tools in the construction of structurally complex molecules, usually allowing a high degree of diastereocontrol. In this context, both the nitrone [3+2] cycloaddition to alkenes 4 and the alkylation of nitrones by organometallic reagents 5 have been extensively developed and have become reliable synthetic procedures. In addition, nitrones are useful spin trap reagents, and are thus widely employed in biological systems. 6 We wish to report here the preparation of some nitrile oxides and nitrones with a,b;g,d-unsaturation, which show unexpected stability in the solid state, presumably due to resonance stabilization, but which undergo dimerization, or can be trapped by dipolarophiles, in solution. The intramolecular reactivity of C-(1-buten-3-ynyl)-nitrones has been studied in detail by Eberbach, 7 but no data are available on the reactivity of the analogous C-(1,3-butadienyl)-derivatives.
The nitrile oxide 6 was prepared via the corresponding aldoxime 4, 8 generated from bphenylcinnamaldehyde 3 and hydroxylamine hydrochloride, in the presence of a base. The oxime 4 was obtained as a mixture of syn and anti forms and was used in the next step without further purification. Conversion to the corresponding nitrile oxide 6 was achieved by chlorination with N-chlorosuccinimide in DMF to give the hydroximoyl chloride 5 followed by base-catalysed dehydrochlorination, Scheme 1. 9 When the hydroximoyl chloride was prepared at 35 o C, in the absence of base, the dioxadiazine 7 was obtained, whereas at 40 o C, in the presence of triethylamine, dimerisation afforded the furoxan 8. The two products were characterised by high resolution mass spectrometry and NMR spectroscopy. The proton NMR spectrum of dioxadiazine 7 shows a singlet for the equivalent alkene protons, at d6.49, whilst that of the furoxan 8 shows 1H singlets at d6.59 and d6.74.
When the reaction was repeated, and the aldoxime chlorinated at 40 o C, followed by additional stirring at 25 o C overnight, with subsequent dehydrochlorination by treatment with triethylamine and standard work-up, 3,3-diphenylpropenitrile oxide 6 was isolated as a stable product. The IR spectrum shows an intense peak at 2287 cm for Cthree=N + -O -and the proton NMR spectrum shows a singlet at d5.76. The structure was confirmed by high resolution mass spectrometry. This nitrile oxide is stable when stored at 0C, presumably due to the extended conjugation in this system, Figure 1 , giving rise to resonance stabilization. The reactivity of this stable nitrile oxide was then investigated by generation in the presence of N-phenylmaleimide to give the cycloadduct 9 in excellent yield, Scheme 1. In the same way, nitrile oxides 13 were generated from the corresponding aldehydes 10 via oxime 11 formation, chlorination to the hydroximoyl chlorides 12, and dehydrochlorination with base, Scheme 2. 2,6-Diphenylbenzonitrile oxide 13b was obtained as a crystalline solid and is also stable upon storage. In this case, the stability presumably arises from both resonance stabilization and steric shielding of the nitrile oxide group. No products from the dimerisation of these nitrile oxides were obtained. Nitrones are easily available from aldehydes or ketones and N-monosubstituted hydroxylamines. In this manner -phenylcinnamaldehyde 3 was reacted with N-methyland N-benzylhydroxylamine, Scheme 3. From both these reactions a stable, isolable nitrone 14a,b was formed and characterized (by elemental analysis or high resolution mass spectrometry). The stability of these nitrones is presumably also attributable to resonance stabilization. Although stable, these dipoles were easily trapped, in solution, by alkenic dipolarophiles in refluxing toluene, giving the corresponding cycloadducts 15 and 16. In the case of the N-methylnitrone this cycloaddition with Nphenylmaleimide was completely endo-selective giving 15a, whilst the N-benzyl derivative gave a 1:1 mixture of endo-15b and exo-products 16 which were separated by crystallization. The stereochemistry of the cycloadducts was deduced by n.O.e. experiments (Tables  1 and 2 ). The most important, decisive information obtained from these experiments is the presence / absence of the n.O.e. interaction between the H-3 and H-3a protons in the endo-and exo-cycloadducts, respectively. The stereochemistry of the N-methyl adduct 15a was assigned by comparison with the N-benzyl analogues.
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Scheme 4
The nitrones themselves proved to be remarkably stable upon refluxing in toluene or xylene. No 1,7-electrocyclisation reaction was observed, in contrast to other allylic dipoles, such as azomethine 10 or carbonyl ylides, 11 and only slow decomposition was observed after a few days reaction time. 
Experimental Section

Data collection and processing
From the ranges scanned, 2942 data were collected (2.50 26.30°), 2942 unique (R int = 0.024).
Structural analysis and refinement
The structure was solved via direct methods (SHELX-S) 13 
